In mammals, freshly ejaculated spermatozoa can exhibit intensive and progressive movement but cannot fertilize oocytes immediately. After staying under the special environment of female reproductive tract for a certain period (more than several hours for bull and boar spermatozoa), they become capable of accomplishing fertilization with oocytes.
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HARAYAMA cholesterol) detaches from the sperm plasma membrane, thereby increasing chances of cholesterol release from the spermatozoa.
Thus, SVS2 may suppress sperm ectopic capacitation (precocious capacitation) in the uterus. This is consistent with the observation that sperm capacitation progresses faster in the oviductal isthmus. 1 Moreover, for the release of cholesterol from the plasma membrane, this lipid need be externalized by the actions of oxysterols (cholesterols oxidized by reactive oxygen species) 11, 12 and plasma membrane scramblases (which translocate phospholipids between outer and inner lipid layers of the plasma membrane) 13, 14 and then need become water soluble by the conjugation with its acceptors (albumin-like proteins) of female reproductive fluids. 10, 11 Activation of the intracellular cyclic adenosine monophosphate There are a number of differences in sperm characteristics among the primate (humans), livestock (eg bulls and boars), and laboratory animal (eg mice, rats and hamsters), including the shape of head, length of flagellum, structural robustness, metabolic system, molecular composition of plasma membrane, and molecules for the intracellular signal transduction. 1, 16, 23, 24 Thus, it is necessary to make detailed researches on the interspecies differences in the sperm functions in order to elucidate mechanisms for the expression of fertilizing ability in mammalian spermatozoa. According to our previous investigations of bull and boar spermatozoa, [25] [26] [27] [28] [29] and PKA are localized in the specific subcellular segments including the connecting and principal pieces, and proteins are preferentially phosphorylated in these segments of the spermatozoa treated with the cAMP analog to induce capacitation-related events leading to hyperactivation. These results are consistent with our hypothesis that connecting pieces of bull and boar spermatozoa have unique cAMP-dependent controllers for regulation of the capacitation-related events leading to hyperactivation. 16, 28 In this study, I described current status of researches on flagellar hyperactivation of bull and boar spermatozoa, in comparison with those of the spermatozoa from other species.
| ROLE S AND CHAR AC TERIS TI C S OF FL AG ELL AR HYPER AC TIVATION

| Hyperactivation in female reproductive tract
Mammalian spermatozoa can initiate flagellar movement with whiplash-like beating and large amplitude during staying at female reproductive tract. [30] [31] [32] This pattern of flagellar movement is termed "hyperactivation" that was first observed by Professor Yanagimachi of Hawaii University in hamster spermatozoa. [33] [34] [35] It has generally been considered that hyperactivation yields stronger driving force that enables capacitated spermatozoa to leave the epithelia of oviductal isthmus, migrate to the oviductal ampulla, and penetrate the cumulus oophorus and zona pellucida of oocytes. 1, 36, 37 In addition, accomplishment of capacitation-related events in the flagella is essential to the occurrence of hyperactivation. 6, 16 Although the site of female reproductive tract in which spermatozoa initiate capacitation-related events may be different among species, almost parts of capacitation are accomplished in the oviductal isthmus (sperm reservoir) where fertilizing spermatozoa are stored. 1 These indicate that occurrence of in-vivo hyperactivation may be modulated by the interaction between spermatozoa and oviductal isthmus.
| Induction of hyperactivation in vitro
In mouse and hamster epididymal spermatozoa, hyperactivation can be induced highly in vitro by incubation in a capacitation-supporting medium, including HCO 3 − , Ca
2+
, and cholesterol acceptors. [38] [39] [40] [41] Researches with hamster epididymal spermatozoa proposed that occurrence of hyperactivation is hastened or delayed by the interaction with specific fluid components of female reproductive tracts, such as progesterone, 17β-estradiol, melatonin, serotonin and γ-aminobutyric acid, probably in order to modulate the timing of arrival of capacitated/acrosome-reacted spermatozoa at the oviductal ampulla where ovulated oocytes are ready for the fertilization. 42, 43 In bull and boar ejaculated spermatozoa, by contrast, it may be difficult to induce hyperactivation highly by the simple incubation in the capacitation-supporting medium. [44] [45] [46] [47] This suggests existence of strong suppressors (eg a calyculin-sensitive protein phosphatase) for hyperactivation in the spermatozoa from livestock. 28 
| Movement patterns of hyperactivation
As parts of flagellum in which bull and boar hyperactivated spermatozoa exhibit asymmetrical beating with large amplitude are varied among cells, hyperactivation is classified into two types "nonfull type" and "full type" in our laboratory ( Figure 1 , Movie S1). 28, 44, 54 Specifically, the whole part of middle and principal pieces repeats 
| REG UL ATORY MECHANIS MS FOR FL AG ELL AR HYPER AC TIVATION
| Ca
2+ as an initiator of hyperactivation
Occurrence of sperm hyperactivation requires two major changes "antisymmetrisation of flagellar beating" and "enlargement of beat- In bulls, boars, and mice, hyperactivation can be induced immediately in uncapacitated spermatozoa by a short treatment with putative stimulator for IP 3 R "thimerosal." The thimerosal-induced hyperactivation is full-type (bulls and boars)/anti-hock (mice). 38, 50, 51, 70 Moreover, indirect immunofluorescence and ultrastructural observations indicate existence of the internal store with IP 3 R in the redundant nuclear envelope (RNE) of the connecting piece. 71, 72 These are consistent with the suggestions that ligand-gated Ca 2+ channel "IP 3 R" of RNE is involved in the initiation of full-type/anti-hock hyperactivation, and that sufficient Ca 2+ for the trigger of full-type/anti-hock hyperactivation can be supplied solely from RNE. Under the physiological condition, IP 3 R of RNE may be gated by the interaction with the ligands that may be generated by phospholipase C during sperm capacitation, and consequently released Ca 2+ promotes the antisymmetrization of flagellar beating, especially in the middle piece. However, it should be noted that the thimerosal-induced hyperactivation is not sustainable and suggests functions of other Ca 2+ channels may be required for the maintenance of full-type/anti-hock hyperactivation. In human spermatozoa, ryanodine receptor (RyR) is likely to mediate the recruitment of cytoplasmic Ca 2+ from RNE in a manner of calcium-induced calcium release (CICR) and potentially regulates the occurrence of hyperactivation, 73 although existence and functions of RyR still remain to be revealed in bull and boar ejaculated spermatozoa. Furthermore,
we recently reported that the other Ca 2+ channel "transient receptor potential cation channel subfamily C member 3, TRPC3" is present in 
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